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(54) A gas sensor with multiple exposed active elements 


(57) A combustible gas detector or sensor having 
catalytic coated resistance sensing elements that uses 
a Wheatstone bridge. There is a power supply node 
electrically coupling one end of a first and second bridge 
of the Wheatstone bridge. There is a ground node elec- 
trically coupling the first and second bridge at another 
end. There is a first and second metered node located 
on the first and second bridge respectively. There is a 
first catalytic sensor element, located on the first bridge 
between the power node and first metered node. There 


is a second catalytic sensor element, located on the sec- 
ond bridge between the ground node and second me- 
tered node. There is a first reference sensor element, 
located on the first bridge and in series with the first cat- 
alytic sensor element, and coupled between the first me- 
tered node and the ground node. Finally, there is a sec- 
ond reference sensor element located on the second 
bridge and in series with the second catalytic sensor el- 
ement, and coupled between the second metered node 
and the power node. 
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Description 

1. FIELD OF THE INVENTION 

This invention relates to the field of combustible gas 
detectors or sensors having both reference sensor ele- 
ments and catalytic sensor elements exposed to the 
combustible hot gas stream without the use of a sepa- 
rate heating circuit. 

2. DESCRIPTION OF THE RELATED ART 

Various devices are well known for combustible gas 
detectors used to detect the presence of combustible 
gases such as those found in car engines. Typical cir- 
cuits are configured to include at least one sensing ele- 
ment that may be a wire having a catalytic coating. The 
sensing element was used as one of four legs of a 
Wheatstone bridge circuit. The other three legs consist- 
ed of two resistors and a compensator element. The 
compensator element was identical to the sensing ele- 
ment except that it did not bear a catalytic coating. 

A current or voltage was applied to the bridge circuit 
to heat the surface of the catalytic coating affixed to the 
sensing element. Since the resistance values of the oth- 
er three legs of the bridge were known, the resistance 
in the sensing element could be determined as the cur- 
rent or voltage was passed through the bridge. 

When the sensing element was exposed to a com- 
bustible gas, such as hydrocarbon, the catalytic coating 
would begin to burn, increasing the temperature of the 
sensing element As the temperature of the sensing el- 
ement increased, the resistance of the element in- 
creased. Accordingly, the current passing through the 
element decreased. By comparing the resistance level 
of the sensing element to the resistance level of the 
compensator element, the presence of a combustible 
gas could be detected. Since the amount of gas caused 
a nearly linear increase or decrease in the resistance of 
the sensing element, the quantity of the gas could be 
accurately determined by calibrating the change in re- 
sistance. This is the basic operational principle of a cat- 
alytic combustible gas sensor. 

3. RELATED ART 

Examples of patents related to the present inven- 
tion are as follows, and each patent is herein incorpo- 
rated by reference for the supporting teachings: 

U.S. patent no. 5,055,269, is a temperature limited 
catalytic gas detector apparatus. 

U.S. patent no. 4,818,977, is a combustible gas de- 
tector having temperature stabilisation capability. 

U.S. patent no. 4,476,096, is a circuit arrangement 
for an apparatus for measuring and indicating the con- 
centration of combustible gases and vapours contained 
in air. 

U.S. patent no. 4,332,772, is a portable gas detec- 


tor. 

U.S. patent no. 4,313,907, is an apparatus for the 
detection of a combustible gas. 

U.S. patent no. 4,039,852, is an exhalation inspect- 
5 ing apparatus. 

U.S. patent no. 4,033,169, is a hydrocarbon con- 
centration sensor for use in engine exhaust gas. 

U.S. patent no. 4,020,480, is a catalytic detecting 
apparatus for detecting combustible gases and va- 
io pours. 

U.S. patent no. 3,961,248, is a gas detector using 
gas sensing elements exhibiting different response 
characteristics. 

U.S. patent no. 3,519,391, is a method of and ap- 
is paratus for measuring combustible constituents of gas 
samples. 

U.S. patent no. 3,237,181, is a gas detecting circuit. 
U.S. patent no. 3,221,320, is a gas alarm circuit. 
The foregoing patents reflect the state of the art of 
20 which the applicant is aware and are tendered with the 
view toward discharging the applicant's acknowledged 
duty of candour in disclosing information that may be 
pertinent in the examination of this application. It is re- 
spectfully stipulated, however, that none of these pat- 
2S ents teach or render obvious, singly or when considered 
in combination, the applicant's claimed invention. 

4. RELATED PROBLEM 

30 Referring to FIG. 1 , there is a previous undisclosed 
design from the present inventors that illustrates one 
problem to be overcome by the additionally now dis- 
closed preferred embodiments. Specifically, there is a 
sensor 10 having a base 12 with signal conditioning cir- 

35 cuitry 1 4 that receives signals via traces 24 and 26 from 
sensing element structures 1 7 and 1 9, which are located 
on either side of longitudinal axis 1 1 . Uniquely, the sens- 
ing element structures 17 and 19 are made up of sens- 
ing elements 20 and 21 that are located on parallel 

40 bridges 22 and thermally isolated by voids 18. In oper- 
ation, one skilled in the art will realise that all of the elec- 
trical signals will be skewed if the heated air flow 27 first 
interacts with the catalysed sensing element and then 
contacts the reference sensor. The air contacting the 

45 reference sensor will have been heated by the catalytic 
reaction, thus skewing any resulting signals. To avoid 
this problem, great care must be given to ensure that 
the air 27 does not contact the sensor elements in this 
fashion. In particular, the sensor would have to be 

so placed so the air either hits both sensors simultaneously 
or hits the reference sensor first. In either case it is very 
difficult to make sure that the sensor is so arranged 
when placing it in an exhaust gas air stream. However, 
the present invention has overcome the need for careful 

55 placement of the sensor 10 in air stream 27 and thus 
eliminating the potential signal skewing problem. 

This and other problems will be solved by the pre- 
ferred embodiments of the invention. A review of the 
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specification, drawings, and claims will more clearly 
teach a skilled artisan of other problems that are solved 
by the preferred embodiments. 

SUMMARY OF THE INVENTION 

It is a feature of the invention to provide a combus- 
tible gas detector or sensors having both reference sen- 
sor elements and catalytic sensor elements exposed to 
the combustible hot gas stream without the use of a sep- 
arate heating circuit. 

The invention provides a gas detector that uses a 
Wheatstone bridge. A power supply node electrically 
couples one end of a first and second bridge of the 
Wheatstone bridge. There is a ground node electrically 
coupling the first and second bridge at another end. 
There is a first and second metered node located on the 
first and second bridge respectively. There is a first cat- 
alytic sensor element, located on the first bridge be- 
tween the power node and first metered node. There is 
a second catalytic sensor element, located on the sec- 
ond bridge between the ground node and second me- 
tered node. There is a first reference sensor element, 
located on the first bridge and in series with the first cat- 
alytic sensor element, and coupled between the first me- 
tered node and the ground node. Finally, there is a sec- 
ond reference sensor element, located on the second 
bridge and in series with the second catalytic sensor el- 
ement, and coupled between the second metered node 
and the power node. 

Preferably, the gas detector further comprises a 
base having one end for being heated during operation 
of the gas detector, the Wheatstone bridge being locat- 
ed on the one end thereof. 

During operation of the gas detector, a heated gas 
stream portion is created as the gas stream passes over 
the first and second catalysed sensor element, and the 
first and second catalysed sensor elements and the first 
and second sensor elements are preferably positioned 
on the base so that as the base rotates about the axis, 
the heated gas stream portion will not contact the first 
or second sensor element. 

The base may include a catalysed sensor section 
for mounting both the first and second catalysed sensor 
elements on opposing sides thereof. Additionally, the 
base may include a sensor section for mounting both 
the first and second sensor elements on opposing sides 
thereof. 

The catalysed sensor section and the sensor sec- 
tion preferably have a void on at least two sides thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. I is one embodiment of an undisclosed gas sen- 
sor designed by the inventors that Illustrates one prob- 
lem overcome by the preferred embodiments. 

Fig. 2 is one embodiment of the invention. 

Fig. 3 illustrates a preferred Wheatstone bridge cir- 


cuit embodiment of the invention. 

Fig. 4 illustrates a housing for holding the sensor. 

Fig. 5 is a plan view showing a close-up of the sen- 
sor element region. 
$ Fig. 6 is a cross-section of Fig. 5 taken through sec- 
tion a-a showing one embodiment for a multi-layered 
structure. 

Fig. 7 is an enlargement of a portion of Fig. 6 show- 
ing the catalyst support structure. 
10 Fig. 8 is a cross-section of Fig. 5 taken through sec- 
tion a-a showing another embodiment for a compound- 
ed catalytic structure before firing. 

Fig. 9 is an enlargement of the circled portion of Fig. 
8 showing greater detail of the catalyst support struc- 
is ture. 

Fig. 10 shows what the structure of Fig. 9 looks like 
after it has been fired, and the glass has been reflowed. 

It is noted that the drawings of the invention are not 
to scale. The drawings are merely schematic represen- 

20 tations, not intended to portray specific parameters of 
the invention. The drawings are intended to depict only 
typical embodiments of the invention, and therefore 
should not be considered as limiting the scope of the 
invention. In the drawings, like numbering represents 

25 like elements between the drawings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

30 The present invention provides a gas sensor for de- 
termining gas concentrations in an air stream. Referring 
to Fig. 2, there is a preferred embodiment of the gas 
sensor 10. Specifically, the gas sensor 10 has a base 
1 2, which has a longitudinal axis 11 oriented to be at an 

35 angle to the gas stream 27, illustrated as generally per- 
pendicular. There is also a reference sensor element 20 
on base 1 2, and a catalysed sensor element 21 proxi- 
mate the reference sensor element 20. As known in the 
art, the catalysed sensor element 21 creates an exo- 

40 thermic reaction upon contacting the gas stream there- 
by forming a heated gas stream portion 29. The gas 
stream flowing past the sensor element 20 would not 
create a heated gas stream portion 29. The base also 
has an extension portion 16, located between the signal 

*s conditioning circuitry 14 and the sensor regions 17,19, 
for creating a distance between the circuitry 1 4 and the 
heated sensor regions 17,19. Although extension por- 
tion 16 is illustrated as relatively short, in reality it could 
be relatively long to protect the circuitry 14 from the det- 

so rimental high temperatures associated with the opera- 
tional temperature ranges of the sensor elements 20, 
21. The sensor regions 17, 19 could be operating, for 
example, from 200 to 500 plus degrees Celsius for prop- 
er operation. However, the conditioning circuitry 14 

55 would need to be operated around a maximum of 150 
degrees Celsius for optimum signal processing. Thus, 
by regulating the length of extension section 1 6, it is pos- 
sible to keep the signal conditioning circuitry 14 in a 
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proper operational temperature range. 

In the present embodiment, both sensor eiements 
20, 21 are located upon two separate bridge sections 
22a, 22b. Additionally, these bridge sections are isolat- 
ed from any heat sink effects from the base 1 2 by voids $ 
18 located on at least either side of the bridges. In this 
arrangement, it is possible to have both sensor ele- 
ments 20, 21 closer in temperature so that any change 
in electrical resistance would not be due to ambient gas 
stream heat. Thus, only exothermic heat from the cata- io 
lytic reaction on the measuring sensor element will 
cause a notable difference between the two resistances 
of the two sensor elements. It is advantageous to have 
both sensor elements to be close in temperature to 
avoid having compensating circuitry and other means is 
for adjusting for the temperature differences. With vari- 
ous designs of the bridges, voids, and sensor elements, 
it is possible to have temperature differences below 60 
degrees Celsius and optimally below 50 degrees Celsi- 
us when operating in 200 to 600 degrees Celsius or 20 
more. It is noted that the ideal situation would be to have 
no difference in temperature between the sensor ele- 
ments except for the exothermic catalytic reaction ef- 
fects. 

Of particular note, horizontal axis 1 3 separates sen- 2S 
sor regions 17 and 1 9. It is this separation that provides 
for the advantage of orientation insensitivity. Specifical- 
ly, the sensor 10 may rotate about axis 11 and in no po- 
sition will the heated gas stream portion 29 affect the 
reference non-catalysed sensor 20. This is a great ad- 30 
vantage over the previous design considered by the in- 
ventors in Fig. 1, where the sensor is very orientation 
sensitive for proper operation. Of course, this situation 
only works if the gas stream is substantially perpendic- 
ular to the longitudinal axis 11 . Also keep in mind that 3S 
the gas stream most likely will already be heated but a 
skilled artisan will realise that the catalytic reaction with 
the gas will further heat the gas stream, thus creating 
the "extra" or catalytically heated gas stream portion 29. 

Referring to Fig. 3 there is illustrated a preferred *o 
Wheatstone bridge embodiment. Specifically, there is a 
Wheatstone bridge 1 00 having a first and second bridge 
112, 114, a voltage source Vs coupled to a balancing 
resistor 1 1 5, a voltage source node 1 1 6 that couples one 
end of the two bridges 112, 114, and a ground Vg cou- *s 
pled to a ground node 118 that couples the other end of 
the two bridges 1 1 2, 11 4. On each bridge are two sensor 
elements, a reference sensor element 122, 126, and a 
catalysed sensor element 120, 124. Coupled between 
the two sensor elements are metered nodes 128, 130. so 
Coupled to the metered nodes is an amplifier 132, and 
a voltage meter 1 33 coupled to the amplifier for first am- 
plifying the analogue signal and then converting the an- 
alogue to a digital signal coupled to the other signal con- 
ditioning circuitry 14. The two catalysed sensor ele- ss 
ments 120, 124 are located on opposite sides of the 
base 12 but on the same bridge 22b, for example. The 
reference sensor elements 122, 126 are similarly ar- 


ranged on opposite sides of the same bridge, for exam- 
ple bridge 22a. Thus, all four sensor elements will be 
located on the end of the sensor 10 that will receive di- 
rect impact from the gas stream 27. Of course, although 
the specification discusses the use of sensor elements, 
one skilled in the art realises that each sensor 1 20, 1 22. 
124, and 125, is a resistor. 

One skilled in the art of designing sensor circuitry 
will understand that the circuit 100 will create a doubling 
of the output that can be read by the voltage meter 1 33 
over prior art single sensor element Wheatstone bridge 
circuits. In operation, there are two basic conditions - 
inactive and active. When circuit 100 is inactive or in a 
starting condition, all four resistors are set to be equally 
charged to achieve a balanced grid. Thus, when current 
is applied to each bridge 112,114, the voltage at nodes 
130 and 128 are equal. 

When circuit 100 is active or when a gas stream is 
applied to circuit 100, there is an increase in the tem- 
perature on resistor 120 and 124, but no change to 122 
and 126. As discussed previously, as the temperature 
increases, the resistance increases. Thus, the resist- 
ances on resistors 120 and 124 are greater than resist- 
ances on resistors 122 and 126. In an ideal setting, the 
resistance on resistor 120 equals resistor 124, just as 
the resistance on resistor 126 equals resistor 122. Be- 
cause of the increased resistances, the voltage at node 
1 30 is less than it was before the gas was applied. How- 
ever, the voltage on node 128 is greater than it was be- 
fore the gas was applied, because the resistance on re- 
sistor 1 24 is greaterthan resistor 1 26. In the ideal setting 
both nodes change the same amount but in opposite 
directions. 

It is noted that in the prior art there is only one ref- 
erence and one catalysed sensor element and the other 
two resistors are fixed. It did not matter if the fixed re- 
sistors were in the bottom or the top or either side of the 
bridges, there would still be a shift in voltage, but it would 
only be one half the shift achieved by the preferred em- 
bodiment. 

It is noted that the prior art has two of the Wheat- 
stone bridge resistors fixed. In other words, the fixed re- 
sistors are away from the gas and even in another cham- 
ber or on the circuit board, outside the heated environ- 
ment. Thus, the prior art needs very precise temperature 
compensating circuitry to balance the bridges. 

In the current preferred embodiment, no tempera- 
ture compensating circuitry need be added to the sensor 
10. By having all four resistors 120, 122, 124, and 126 
in the heated gas stream, control of the temperature on 
all four resistors is achieved as a group. Temperature 
controlling circuitry is used, but the resistors on the 
Wheatstone bridge circuit are used to create the heat 
by controlling the amount of current that flows there- 
through. In the present design, the temperature of the 
sensor element does not have to be as accurately con- 
trolled as the prior art designs. The current invention 
does set a temperature, it is important to have elevated 
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temperatures, but it is not needed to have the tempera- 
ture exactly controlled, like 400 or 401 degrees Celsius. 
It is allowable to have, for example 400, 410 or 420 de- 
grees Celsius and still have accurate readings, because 
all of the resistors are dimensionally and chemically 5 
equal. With the prior art, to have a balanced bridge, it is 
mandatory to accurate control of the temperature of the 
two non-fixed resistors - the catalysed and reference re- 
sistors. Thus, the prior art uses heaters in the designs. 

The preferred embodiment will operate over a tern- 10 
perature range from as low as the light off temperature 
of the gas to be sensed to as high as whatever temper- 
ature that would break down the resistance of the resis- 
tors in the Wheatstone bridge. The light off temperature 
is that temperature needed for a gas to interact with the is 
catalyst to create an exothermic reaction. 

In operation, the preferred embodiment does use a 
set temperature for the sensor to operate at high tem- 
peratures. In particular, it is best to operate at tempera- 
tures hotter than the ambient temperature. The hotter 20 
than ambient controlled temperature provides a stable 
output. One skilled in the art will realise that resistors 
have the resistance change linearly as a function of in- 
creasing temperature. However, for elevated tempera- 
tures, there is a little curve to the linear function. The 2s 
difference in resistance that you get for a given temper- 
ature change gets less and less as you increase hotter 
and hotter. Therefore, a fixed temperature is chosen 
higher than expected ambient because to follow a 
changing high ambient temperature would lead to a 
gradually decreased output signal as the temperature 
got hotter and hotter. Thus, a predictable output signal 
is achieved by setting the temperature of the sensor el- 
ements to a consistent output of volts per part per mil- 
lion. 

To achieve the relatively fixed elevated tempera- 
ture, the preferred embodiment has regulated current 
running through the Wheatstone bridge 100 to keep it 
at that selected temperature. Specifically, the resistors, 
which act as a heater when current goes through them, 
are turned on and off a proportional amount of time. A 
skilled artisan would know how to regulate the temper- 
ature by taking a voltage reading of nodes 1 1 6, and 1 1 8 
and setting the total resistance of the Wheatstone bridge 
by comparing it to the in-series resistor 115. 

One of the advantages of the preferred embodiment 
is that the selected temperature can be changed without 
changing any of the hardware, i.e. resistors. Thus, by 
simply changing the timing programming of the heating 
current, most any temperature can be used for the same 
sensor and Wheatstone bridge unlike the prior art that 
would require a changing of the physical resistors. A key 
to allowing this flexibility not previously found is that the 
present preferred embodiment uses the same material 
for each resistor, all resistors are heated the same way 
(in the heated gas stream 27), and trimmed to be dimen- 
sionally all the same. 

Referring to Fig. 4, there is illustrated a housing for 


holding the sensor 10. In particular there is a hollow air 
pervious porous cap 30 for encapsulating the sensing 
elements 20, 21. There is also an attachment 32 for cou- 
pling the cap 30 to a spacer 34. The spacer serves the 
purpose of extending the electronics housing 36 far 
enough away from the cap 30, since the cap region is 
the hottest area and the housing holds the conditioning 
circuitry 14, which requires lower temperatures for prop- 
er operation. The electronics housing 36 protects the 
conditioning circuitry 14 and provides support for cou- 
pling the sensor to output wires to communicate with re- 
mote analysis circuitry (not shown). The whole assem- 
bly is mounted onto an exhaust pipe just after a catalytic 
converter. Of course only the porous cap 30 should be 
located in the exhaust pipe to remove the electronics 
from the hot temperatures. 

The present invention provides a gas sensor having 
a multi-layered structure. The structure is ideally suited 
to sensing hydrocarbons and nitrogen oxides in an au- 
tomobile exhaust system. Regarding Fig. 5, there is a 
plan view of the gas sensor 10 showing part of a sub- 
strate (base) 1 2. Substrate 1 2 is preferably made out of 
a ceramic material but other suitable dielectric materials 
may be used. Only the portion of substrate 1 2 containing 
a catalytic support structure 50 and glass adhesion layer 
46 has been included in Fig. 5. 

The remaining portion of substrate 12 can take on 
any desired shape that will supply the necessary struc- 
tural and thermal properties forthe sensor For instance, 
the structure must be strong enough to survive the 
shock and vibration attendant in an automobile exhaust 
system. In addition, the thermal properties must be such 
that any catalytic reactions occurring on catalytic sup- 
port structure 50 can be detected by a thermally sensi- 
tive resistor element 42 located on substrate 12 (i.e. the 
substrate must not extract so much heat from the cata- 
lytic reaction that there is no resulting temperature in- 
crease in resistor element 42). 

Located on substrate 12 and electrically connected 
to resistor element 42, are conductors 44 and 45. Con- 
ductors 44 and 45 are connected to circuitry (not shown) 
that can detect resistance changes from accompanying 
voltage drops along the length of resistor element 42. 

In Fig. 6, a cross section taken through resistor e! 
ement 42 is depicted. Resistor element 42 can be de- 
posited on substrate 1 2 using any conventional thick or 
thin film technique since the deposit is robust enough to 
withstand the environment of an auto exhaust system 
and the thermal coefficient of resistivity is high enough 
so that the resistor will respond to temperature changes 
from catalytic reactions. The material used to form re- 
sistor element 42 can be selected using these same cri- 
teria. In the preferred embodiment, it was found that 
platinum is a suitable material for resistor element 42 
and that screen printing proved to be a suitable deposi- 
tion method. 

Conductors 44 and 45 can also be deposited using 
any conventional thick or thin film technique. Gold was 
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selected as the conductor material for the preferred em- 
bodiment. A layer of glass 46 is deposited over the re- 
sistor element 42. One way of forming glass layer 46 is 
to mix powdered glass with an organic solvent and 
screen print the mixture on the substrate. The glass lay- s 
er can also be formed using a doctor blade or brushing 
the mixture on. The layer of glass 46 is then dried but 
not fired yet. This provides a firm surface on which to 
deposit the catalytic support structure 50, but still ena- 
bles the glass to act as an adhesion promoter when the io 
structure is subsequently fired. 

The catalytic support structure 50 comprises high 
surface area particles such as powdered alumina. The 
particles can be calcined before applying them to the 
sensor structure to help assure that they have a high is 
surface area for receiving a catalyst coating. The alumi- 
na particles can be combined with aluminium hydroxide 
or a similar substance to form a paste for application. 
The paste can be applied with thick film techniques such 
as screen printing. 20 

After catalytic support structure 50 is applied the en- 
tire assembly is fired at the proper firing profile for the 
glass employed. This will reflow the glass and cause it 
to firmly adhere to both the alumina particles and sub- 
strate 12. It is important that the glass bond very firmly 25 
to both the substrate and catalytic support because if 
the alumina particles flake off, the sensor will no longer 
function. In principle, any glass film formation, including 
many commercially available varieties such as GA-4 
from Nippon Electric Glass, can be used as described 
above, provided it has the property of adhering to both 
substrate 12 and the catalytic support structure 50. A 
temperature of 700 degrees centigrade for 1 hour is suf- 
ficient to reflow the GA-4 glass. 

The final step is to apply a catalyst to catalytic sup- 
port structure 50. In the preferred embodiment for a hy- 
drocarbon sensor, platinum is used for the catalyst. The 
platinum is applied as a chloroplatinic acid solution us- 
ing a dropper or other suitable technique. Afterwards the 
entire structure is again fired at about 500 degrees cen- 
tigrade for 1 hour to reduce the acid to platinum. 

The final catalytic support structure, as shown by 
the enlarged view in Fig. 7, comprises alumina particles 
54 adhered to glass layer 46. The particles vary in size 
and shape and the surface may include pores 56. When 
the chloroplatinic acid is applied and dried as described 
above, the surfaces of particles 54, including the surfac- 
es of pores 56, will be covered by a very fine layer of 
platinum. 

In Fig, 8, a cross section taken through resistor el- 
ement 42 is depicted. Resistor element 42 can be de- 
posited on substrate 12 using any conventional thick or 
thin film technique since the deposit is robust enough to 
withstand the environment of an auto exhaust system 
and the thermal coefficient of resistivity is high enough 
so that the resistor will respond to temperature changes 
from catalytic reactions on the overlaid support struc- 
ture. The material used to form resistor element 42 can 


be selected using these same criteria, in the preferred 
embodiment, it was found that platinum was a satisfac- 
tory material for resistor element 42 and that screen 
printing proved to be a suitable deposition method. 

As shown in Fig. 9 and 10, the catalyst support 
structure 64 comprises a mixture of alumina particles 74 
and powdered glass 72. In the preferred embodiment, 
the mixture includes 20% LaFtoche WOO alumina and 
80% GA-4 glass from Nippon Electric Glass. The alumi- 
na is calcined at about 600 degrees Centigrade for 1 
hour before it is added to the mixture. This helps assure 
that the alumina will have a high surface area for a cat- 
alyst coating. Sufficient screening agent is added to the 
mixture to obtain a paste-like consistency. The screen- 
ing agent used in the preferred embodiment is com- 
prised of an organic solvent, a rheology modifying solid 
and a wetting agent. 

The mixture is deposited over the resistor element 
42. Screen printing is one suitable method of depositing 
the mixture; although it can also be deposited using a 
doctor blade, brushing etc. After catalytic support struc- 
ture 64 is applied, the entire assembly is heated at a 
temperature that will reflow the glass employed. A tem- 
perature of 700 degrees centigrade for 1 hour is suffi- 
cient to reflow the GA-4 glass 72, and cause it to firmly 
adhere to both the alumina particles 74 and substrate 
1 2 as shown in Fig. 1 0. It is important that the glass bond 
very firmly to both the substrate and catalytic support 
because if the alumina particles flake off, the sensor will 
no longer function. 

The final step is to apply a catalyst to catalytic sup- 
port structure 64. In the preferred embodiment for a hy- 
drocarbon sensor, platinum is used for the catalyst. The 
platinum is applied as a chloroplatinic acid solution us- 
ing a dropper or other suitable technique. Afterwards the 
entire structure is reheated at a temperature that is high 
enough to reduce the acid to platinum. A temperature 
of 500 degrees centigrade was used for the preferred 
embodiment. 

Alumina particles 74 vary in size and shape and the 
surface may include pores 76. When the chloroplatinic 
acid is applied and dried as described above, the sur- 
faces of particles 74, including the surfaces of pores 76, 
will be covered by a very fine layer of platinum. Of 
course, some platinum will also adhere to the surfaces 
of glass 72. 

Operation of the Sensor 

The key to the operation of the sensor is the cata- 
lytic reaction of the gas to be sensed and the ability of 
the resistor element to respond to this reaction by a re- 
sulting change in its resistance. For example, as a hy- 
drocarbon gas contacts the platinum catalyst, a chemi- 
cal reaction occurs in which the hydrocarbon is com- 
busted and heat is generated. The greater the quantity 
of hydrocarbons, the more heat is produced, thus caus- 
ing the resistance of resistor element 42 to rise accord- 
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ingly. The resistance of resistor element 42 is then com- 
pared to the resistance of a reference sensor (not 
shown), which is in the same environment and of the 
same design, except that it is not covered with a catalyst. 
The difference in the resistance between resistor ele- s 
ment 42 and the reference sensor (not shown) is due to 
the heat generated by the catalytic reaction. The resist- 
ance difference indicates the concentration of hydrocar- 
bons in an exhaust stream. 

TO 

VARIATIONS OF THE PREFERRED EMBODIMENT 

Although the illustrated embodiments discuss the 
arrangement of the sensor and signal conditioning cir- 
cuitry 14 to be on a single base, one skilled in the art 'S 
will realise that the preferred embodiment would work 
with most any arrangement. For example, the signal 
conditioning circuitry 14 could be on a separate base, 
where the sensor element containing base is, for exam- 
ple, solder connected to the signal conditioning circuit 20 
containing base. Additionally, the second base contain- 
ing the conditioning circuitry could also be a printed cir- 
cuit board and not ceramic material like the sensor ele- 
ment base. 

Even though the disclosure discusses the sensing 25 
of hydrocarbon, one skilled in the art of gas sensors 
would understand that this invention is applicable to any 
combustible gas that is needing to be detected. For ex- 
ample, if hydrogen were to be detected, the heating 
fixed target temperature for the sensor elements could 30 
be around 1 00 degrees Celsius. An application for a hy- 
drogen sensor would be around a battery enclosure. A 
set of batteries on an electric car could use a sensor to 
monitor explosive fumes. Although the preferred em- 
bodiment discusses the location of the catalysed sensor 35 
element to be closest to the far end of the sensor, i.e. 
sensor element 21, it is equally workable to have the 
catalysed sensor to be located furthest away from the 
top of the sensor base, i.e. sensor elements' 20 location. 
Thus, a reversal of the positions of the sensor elements *o 
is often needed dependent upon the orientation of the 
overall gas sensor in the gas stream. In these variations, 
it is still possible to have the heated gas stream portion 
29 not contact the reference sensor elements 20 or 21 
dependent upon the orientation design. *s 

A further variation of the preferred embodiment is 
to have the longitudinal axis at most any angle to the 
gas stream that would allow rotation about the axis that 
would not have the catalysed heated gas stream portion 
contact the reference sensor. However, the present in- so 
vention works especially well if the whole sensor were 
inserted into the gas stream at a right angle. However, 
for example, the sensor housing could be at an acute 
angle oriented any way in the gas stream. If oriented 
toward the gas stream, of course the catalysed sensor ss 
would be located below the non-catalysed sensor (i.e. 
further away from the one end of the base). In this ar- 
rangement, the sensor base 12 could be rotated about 


the longitudinal axis without having the heated gas 
stream potion 29 contacting the reference sensor ele- 
ments. If the acutely angled sensor housing were facing 
downstream, however, the catalysed sensor element 
would have to be the topmost element with the reference 
sensor receiving the gas stream 27 first. 


Claims 

1 . A gas detector, comprising: 

a) a Wheatstone bridge, having: 

al) a first and second bridge, 
a2) a power supply node electrically cou- 
pling the first and second bridge at one 
end, 

a3) a ground node electrically coupling the 
first and second bridge at another end, and 
a4) a first and second metered node locat- 
ed on the first and second bridge respec- 
tively; 

b) a first catalytic sensor element, located on 
the first bridge between the power node and 
first metered node; 

c) a second catalytic sensor element, located 
on the second bridge between the ground node 
and second metered node; 

d) a first reference sensor element, located on 
the first bridge and in series with the first cata- 
lytic sensor element, and coupled between the 
first metered node and the ground node; and 

e) a second reference sensor element, located 
on the second bridge and in series with the sec- 
ond catalytic sensor element, and coupled be- 
tween the second metered node and the power 
node. 

2. A gas detector according to Claim 1, wherein the 
first and second reference sensor elements are lo- 
cated to receive a same gas stream as the first and 
second catalytic sensor elements. 

3. A gas detector according to Claim 1 or 2, wherein 
the gas detector further comprises a base having 
one end for being heated during operation of the 
gas detector, the Wheatstone bridge located on the 
one end thereof. 

4. A gas detector according to Claim 3, wherein during 
operation of the gas detector, a heated gas stream 
portion is created as the gas stream passes over 
the first and second catalysed sensor elements, 
and wherein the first and second catalysed sensor, 
element and the first and second sensor element 
are positioned on the base so that, as the base ro- 
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tates about the axis, the heated gas stream portion 
will not contact the first or second sensor element. 

5. A gas detector according to Claim 4, wherein the 
base includes a catalysed sensor section for mount- 5 
ing the first and second catalysed sensor elements 

on opposing sides thereof. 

6. A gas detector according to Claim 4 or 5, wherein 

the base includes a sensor section for mounting the 10 
first and second sensor elements on opposing sides 
thereof. 

7. A gas detector according to Claim 6, wherein the 
catalysed sensor section and the sensor section ^ 
has a void on at least two sides thereof, 

8. A gas detector according to any preceding claim, 
comprising signal conditioning circuitry, electrically 
coupled to the Wheatstone bridge circuit, for condi- 20 
tioning signals from the Wheatstone bridge circuit. 

9. A gas detector according to Claim 8, wherein the 
base includes: 

25 

a conditioning circuitry section for mounting the 
conditioning circuitry on the baseband 
an extension section for locating the condition- 
ing circuitry section away from the Wheatstone 
bridge circuit. 50 

10. A gas detector according to Claim 9, wherein the 
conditioning circuitry section is located such that, in 
use, the temperature thereof remains under 1 50 de- 
grees Celsius. 55 
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